The title compounds have been synthesized by adding hydrogen peroxide to an aqueous solution of A 2 [Pt(CN) 4 ] (A = K, Rb, Cs). They grow as yellow needles after concentrating and cooling to 4 • C. The structures were elucidated from single crystal analysis. The isostructural compounds crystallize monoclinically, in space group C2/c with Z = 4. K 2 Pt(CN) 4 · H 2 O 2 : a = 13.3751 (7) (2), c = 6.5857(9)Å, β = 107.590(3) • , V = 1069.1(2)Å 3 . As a remarkable feature, the hydrogen bonds O-H···N vary significantly with the cation size: in the Cs compound the O-H bonds are weakest, and the N···H interactions are strongest. All three compounds were characterized by differential thermal analysis, thermogravimetry and infrared spectroscopy.
Introduction
Substantial progress in the cyanoplatinate chemistry has been marked by the structural characterization of partially oxidized salts by Krogmann in the 1960ies [1] . He revealed a significant contraction of the Pt-Pt distances in the oxidized products K 2 [Pt(CN) 4 ]X 0.33 · y H 2 O (X = Cl, Br) to distances as short as 2.88Å [1] , which is only slightly longer than in metallic platinum (2.77Å), suggesting significant bonding interactions between the partially filled Pt d z 2 orbitals. The oxidized cyanoplatinates thus can be considered as one-dimensional metals, in accordance with their relatively high electron conductivity. The first experiments to obtain partially oxidized potassium cyanoplatinates by adding hydrogen peroxide and sulfuric acid to respective aqueous solutions were performed by Levy [2] at the beginning of the 20 th century. In 1968, Krogmann [3] solved the structure and determined the composition of the product to be K 1.74 [6, 7] focusing on getting more information about the partially oxidized cyanoplatinates, in particular how they form. Our attempts to synthesize the rubidium-deficient cyanoplatinate following the conventional route suggested by Levy [2] and Williams [5] sometimes resulted in the formation of yellow needles of an unknown phase. We found out that hydrogen peroxide in such instances did not oxidize platinum at neutral conditions, instead yellow needles form which are hydrogen peroxide adducts of the formula A 2 [Pt(CN) 4 ] · H 2 O 2 (A = K, Rb, Cs). Here we report on their structure analyses by X-ray crystallography, and characterization of the new adducts by infrared spectroscopy (IR), thermogravimetry (TG) and differential thermal analysis (DTA).
Experimental Section
(Chempur, 99.9 %) and KCN as described previously [6, 8] . This salt was recrystallized three times from water to re- 
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Crystal structure determination
were selected under a microscope and sealed in Lindemann capillaries. All three compounds crystallize in space group C2/c (no. 15). The intensity data were measured on a Smart APEX CCD diffractometer (Bruker AXS) with a graphite monochromator using ω scans. Absorption corrections were done by the program SADABS [10] . The structures were solved and refined using the SHELXTL program system [11] . The atomic positions of the platinum and the alkali metals were found by Direct Methods, the positions of the cyanide and peroxide groups could be located from Difference Fourier maps. The hydrogen atoms have also been localized, and refined applying isotropic displacement parameters. Refinement was done by full-matrix least-squares methods on F 2 . The crystallographic data are collected in Table 1 , selected atomic distances and angles are given in Table 2 .
Further details of the crystal structure investigations may be obtained from Fachinformationszentrum Karlsruhe, 76344 Eggenstein-Leopoldshafen, Germany (fax: (+49)7247-808-666; e-mail: crysdata@fiz-karlsruhe.de, www.fiz-karlsruhe.de/request for deposited data.html) on quoting the deposition numbers given in Table 1 .
Physical properties
Simultaneous DTA/TG/MS was performed with a computer-controlled thermal analyzer (STA 409, Netzsch GmbH, Germany). Samples of about 20 mg were placed in a corundum crucible, heated to 900 • C with a rate of 10 • C/min, and then cooled down to r. t. with the same rate. The whole process was run under argon.
The infrared spectra were recorded on an IR Spectrometer (113v, Bruker, Germany). About 2 mg of the samples were thoroughly mixed and ground with ∼400 mg of KBr (Aldrich, 99+ %, dried at 100 • C), and subsequently pressed into a pellet with a diameter of 10 mm. The frequencies of the main absorption bands are given in Table 3 , a spectrum of K 2 [Pt(CN) 4 ] · H 2 O 2 is shown in Fig. 3 .
Results and Discussion

Crystal Structures
Up to now, only one previous report on a hydrogen peroxide adduct of a platinum salt, [ 4 ] · H 2 O 2 (A = K, Rb, Cs), presented here, crystallize monoclinically in the space group C2/c, and the structures consist of square planar tetracyanoplatinate groups stacked in a staggered conformation along the c axis, thus forming one-dimensional chains of platinum atoms ( Figs. 1  and 2 ). The same arrangement is observed in most hydrated and anhydrous cyanoplatinates [6, 7] . The platinum separations of 3.27 to 3.29Å (Table 2 ) are in The alkali metal atoms are coordinated by six nitrogen atoms in the shape of a distorted trigonal prism with two of the faces capped by oxygen atoms raising the coordination number to eight. The distances d(A-N1) ranging from 2.84 to 3.21Å (Table 2) grow as is to be expected from A = K to Cs, and are similar to those known for other non-oxidized cyanoplatinates [6, 7] . The symmetry-independent Pt1-C1, Pt1-C2 (1.984 -1.997Å) and C1-N1, C2-N2 bonds (1.144 -1.149Å ) of the planar cyanoplatinate groups show a small spread over all compounds ( Table 2 ). Along the c axis, the adjacent tetracyanoplatinate groups are rotated with torsion angles C-Pt-Pt-C different from 45 • , decreasing from K (43.0
• ) and Rb (39.6 • ) to Cs (37.5 • ). This dihedral angle is regarded indicative of the degree of the platinum 5d z 2 orbital overlap [14] . Furthermore this rotation of the Pt(CN) 4 [12] .
Remarkably, in Cs 2 [Pt(CN) 4 ] · H 2 O 2 the O-H bonds with 1.19Å are significantly longer and weaker, than in the potassium and rubidium compounds, and the hydrogen atoms appear to be shifted towards the nitrogen atoms forming stronger N···H interactions. The O1-O1 distances and the O1-N1 separations in the cesium cyanoplatinate peroxide adduct clearly are shorter than in the other two compounds but do not induce a significant effect on the principal structural features.
Depending on the cation size, the unit cell varies only in the a and b axis but not significantly with respect to the c axis. Thus, only the hydrogen bonds were affected by the type of the alkali cation but not the Pt-Pt interactions of the platinum chains along the c axis. In all three infrared spectra (one is shown in Fig. 3 , frequencies are given in Table 3 ) of A 2 [Pt(CN) 4 ] · H 2 O 2 (A = K, Rb, Cs) the strong absorption bands at 2120 -2132 cm −1 , which are associated with the valence vibrations of the cyanide groups [15] , and correspond to the ν(C≡N) valence vibrations of anhydrous and hydrated alkali metal cyanoplatinates [6, 7] , are similar in accord with the similar Pt-Pt distances in all three compounds. The frequencies of the vibration of coordinated C≡N groups in the tetracyanoplatinates are much higher than in KCN (2080 cm −1 ) [6] . The strong bands at 503 -505 cm −1 are assigned to the deformation vibrations of the Pt-C bonds [15, 16] . The absorption bands of the deformation vibrations of the Pt-C≡N groups occur at 410 -411 cm −1 [6, 14] . The hydrogen peroxide can be identified by the weak ν(O-O) valence vibration at 870 to 878 cm −1 [17] , the δ (O-H) deformation and the characteristic broad δ (O-H) valence vibrations. In the K and Rb compounds, the deformation vibration occurs at similar frequencies at δ s/as (O-H) = 1386 and 1398 cm −1 whereas in the Cs compound it is shifted to 1415 cm −1 . The symmetric valence vibrations ν s (O-H) at 2742 (K), 2758 (Rb) or 2780 cm −1 (Cs) relate to the overtone of the deformation vibration with lower intensity and at lower frequency. The asymmetric valence vibrations ν as (O-H) at 3229 (K), 3231 (Rb) and 3204 (Cs) occur at lower frequencies for hydrogen peroxide than for water molecules [18] and reflect the longer and weaker O-H bonds in Cs 2 [Pt(CN) 4 ] · H 2 O 2 , as compared to the K and Rb analogs. Thus, the findings on the hydrogen bonding distances varying from the potassium and rubidium platinate to the cesium representative seem to be corroborated by infrared spectroscopy.
Physical properties
